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The National Healthcare Safety Network (NHSN) began collecting data in 2005 as a national voluntary reporting system for patient and healthcare personnel safety surveillance data, managed by the Centers for Disease Control and Prevention (CDC). It is designed to allow for surveillance of selected healthcare-associated infection (HAI) data in intensive care units, as well as other location types, in hospitals and other types of healthcare facilities. Reporting of pathogens and the antimicrobial susceptibility test results of pathogens associated with HAIs is critically important for understanding the scope and magnitude of emerging and established antimicrobial-resistant infections in the United States. Analysis of these data produces summary measures of the prevalence of antimicrobial resistance among select pathogens in different patient care settings. Such measures should help inform decisions involving infection prevention practice, antimicrobial development, and public policy regarding efforts to detect and prevent transmission of resistant strains and/or their resistance determinants, especially those with phenotypes having the fewest viable treatment options.
This report is the second summary report of NHSN data, and it summarizes the antimicrobial susceptibility data reported to NHSN for the 2-year period 2009-2010. This time period coincides with an increased use of NHSN by acute care state mandates and early adoption of the reporting rules for participation in Centers for Medicare and Medicaid Ser-vices (CMS) Prospective Payment System. This report builds on the methodology of the first report, 1 with additional evaluation of some temporal changes and degree of spread among reporting facilities.
methods
We analyzed data that hospitals reported for 2009-2010 to the Patient Safety Component of NHSN. 2 Data included those reported for central line-associated bloodstream infections (CLABSIs), catheter-associated urinary tract infections (CAUTIs), ventilator-associated pneumonia (VAP), and surgical site infections (SSIs). These data were compared to data reported from HAIs occurring during [2007] [2008] . Postprocedure pneumonia (which accounts for !1% of all HAIs reported) was excluded. NHSN methodology has been reported elsewhere 2 and is summarized in the first NHSN antimicrobial resistance report. 1 Pathogen and antimicrobial susceptibility data reported to NHSN are provided by the facility's designated clinical microbiology laboratory. Up to 3 organisms can be reported per HAI. There is a select group of pathogens and antimicrobials for which susceptibility test results must be reported if testing was performed and reported to the clinician. Laboratories are expected to use Clinical and Laboratory Standards Institute standards for antimicrobial susceptibility testing. 3 Results for each pathogen were reported to NHSN using the category interpretations "susceptible" (S), "intermediate" (I), "resistant" (R), and "not tested." Because laboratories may test different antimicrobial agents within a class, for some phenotypes, resistance was defined using data from at least 1 of several agents within the same antimicrobial class. To be defined as resistant to extended-spectrum cephalosporins, organisms were reported as I or R either to ceftazidime or cefepime (Pseudomonas aeruginosa) or to ceftazidime, cefepime, ceftriaxone, or cefotaxime (Enterobacteriaceae). Carbapenem resistance was defined for all organisms as a result of I or R to imipenem or meropenem. Fluoroquinolone resistance was defined as a result of I or R either to ciprofloxacin or levofloxacin (P. aeruginosa) or to ciprofloxacin, levofloxacin, or moxifloxacin (Escherichia coli). Aminoglycoside resistance in P. aeruginosa was defined as a result of I or R to gentamicin, amikacin, or tobramycin. Finally, for some of the pathogens, definitions of multidrug resistance were used that required a report of I or R for at least 1 of the agents within a class-thus establishing nonsusceptibility to the class-and nonsusceptibility to at least 3 of the specified classes. For Klebsiella pneumoniae, Klebsiella oxytoca, E. coli, Enterobacter spp., and P. aeruginosa, 5 classes were included: extendedspectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, and piperacillin or piperacillin/tazobactam. A sixth class, ampicillin/sulbactam, was included for Acinetobacter baumannii. These criteria approximated, as best as possible, interim standard definitions for defining multidrug resistance. 4 For the purpose of this report, "Klebsiella spp." refers to results for K. pneumoniae and K. oxytoca combined, with the exclusion of other species of Klebsiella, which were extremely rare.
Statistical analysis. Data were analyzed with SAS software, version 9.3 (SAS Institute). For reporting hospitals and all reported HAIs, absolute frequencies and distributions are described by hospital type, size, and region. Absolute frequencies and distributions of pathogens by location or procedure were calculated. For each HAI type, pooled mean percent resistance (ie, the pooled proportion of bacteria resistant to antimicrobial agents) was calculated for the pathogen-antimicrobial agent combinations by pooling data from all NHSN hospitals for the specified time period (sum of pathogens testing resistant, divided by the sum of pathogens tested for susceptibility, multiplied by 100). Pooled mean percent resistance is reported by HAI type. Differences in pooled percent resistance were compared across HAI types by means of the x 2 test for independence (lowest vs highest percent resistance for device-associated HAIs and device-associated HAI pooled percent resistance vs SSI percent resistance). Percent resistance was found to differ in most cases across the device-associated infections for a specific pathogen-antimicrobial combination; thus, device-associated pooled percent resistance values are not reported. Because of the historical association between higher prevalence of antimicrobial resistance and specimen collection from patients in critical care locations, the pathogen percent resistance was stratified by location. Differences in pooled percent resistance were compared by location (critical care locations vs non-critical care locations) with log-binomial regression analysis for CLABSI and CAUTI. Statistical significance was determined at a P value of .05.
To highlight significant changes in percent resistance reported for the 4 HAI types between the 2009-2010 and 2007-2008 reports, the pooled mean percent resistance was compared between the two time periods for each of the evaluated pathogen-antimicrobial combinations described above, separately by each of the HAI types. To evaluate changes in percent resistance over time for each of the selected pathogenantimicrobial combinations by HAI type, log-binomial regression analysis was conducted to compare the pooled mean percent resistances from 2009-2010 and 2007-2008 . Confidence intervals, overall change, and P values are presented to indicate any significant increase or decrease in a specific percent resistance between the 2 time periods. To provide a measure that reflects the degree of spread of these antimicrobial-resistant pathogens among the reported HAIs, we calculated the number and proportion of facilities, among those reporting at least 1 occurrence of a pathogen-HAI combination, that reported a phenotype resistant to a particular antimicrobial for that HAI. 
Distribution of Infections by Hospital or Location Types
From January 2009 through December 2010, 69,475 HAIs were reported to NHSN from 2,039 hospitals. The relative proportions of HAIs reported varied by hospital type, bed size category, and region of the United States (Table 1) , where more infections were reported from regions or groupings with more facilities participating in surveillance. Of these infections, 40% were CLABSIs, 27% were CAUTIs, 10% were VAP, and 23% were SSIs. The distribution by category was similar for the 2 reporting periods (Tables 1, 2) . Overall, 6,505 locations were represented in the surveillance data, including 12 different general categories of critical care location types and 11 different general categories of non-critical care location types (Table 3 ). Roughly 65% of the device-associated HAIs reported were from critical care locations (Table 1) , including mostly medical-surgical combined units and medical, surgical, and neonatal units ( Table  3 ). The other 35% of HAIs were reported from non-critical Table 3 ). The majority of procedure-associated HAIs were identified on inpatient surgical wards (data not shown), and most were associated with 1 of the 3 most commonly tracked major procedure types: cardiac surgeries (22%), abdominal surgeries (23%), and orthopedic surgeries (41%), which in this report includes spinal fusion/refusion and laminectomy (Table 4) .
Pathogen Distribution
Overall, 81,139 pathogens were reported from the 69,475 HAIs; overall, 90% were bacteria and 10% were fungi ( (Table 6 ). Coagulase-negative staphylococci and S. aureus were the most prevalent SSI pathogens for most types of surgery, but gram-negative rods were more prevalent in abdominal surgeries. Enterococci were associated with approximately one-third of SSIs following transplant surgery.
Percent Resistance
Antimicrobial susceptibility testing data were received on most pathogens reported, although the percentage of pathogens with testing data varied by specific agent, pathogen, and HAI type. As in the previous NHSN report, the highest reported testing frequencies (ie, 190% of isolates reported had testing results reported) were for S. aureus susceptibility to oxacillin, Enterococcus faecium and Enterococcus faecalis susceptibility to vancomycin, P. aeruginosa and E. coli susceptibility to fluoroquinolones, and P. aeruginosa and Enterobacter spp. susceptibility to extended-spectrum cephalosporins (Table 7) . Although the value varied by HAI type, hospitals reported lower frequencies of testing Klebsiella spp. and E. coli susceptibility to carbapenems (range 64.3%-77.2% and 63.2%-77.2%, respectively). Pooled mean percent resistance for the pathogen-antimicrobial combinations is shown in Table 7 . Pathogen percent resistance overall was generally lower for each resistance phenotype among SSIs, compared to that among device-associated HAIs. For most other pathogens, percent resistance differed only slightly between device-associated infection types. Notably, carbapenem resistance in CAUTIs and CLABSIs was very similar for Klebsiella spp. (12.5% and 12.8%, respectively) and E. coli (2.3% and 1.9%, respectively).
For the majority of resistant phenotypes evaluated, the percent resistance did not significantly differ by critical care location status (Table 8 ). Some differences did border on statistical significance, including higher values in the critical care areas for carbapenem resistance among A. baumannii or Klebsiella spp. and lower values in critical care units for S. aureus resistance to oxacillins (ie, MRSA) and E. coli resistance to fluoroquinolones. Because of the lack of consistent evidence that critical care locations are associated with higher percent resistance, data from all location types were combined, and changes in percent resistance for select resistant phenotypes are presented in Tables 9-12 . Among CLABSIs, there was no significant change in percent resistance between the 2 time periods for most phenotypes. Exceptions include increases in extended-spectrum cephalosporin resistance among E. coli (and a corresponding increase in multidrug-resistant E. coli) and carbapenem resistance among A. baumannii (although this organism caused !2% of all HAIs reported). Similar patterns were observed among pathogens associated with CAUTIs. Among pathogens associated with VAP (Table 11) and SSI (Table 12) , the percent resistance for MRSA declined slightly in the current period, compared to the earlier period.
There was great variation in the degree of spread of antimicrobial-resistant infections (additional figures can be found on the CDC website, http://www.cdc.gov/nhsn /dataStat.html). Of the 2,039 facilities that reported at least 1 HAI to NHSN during 2009-2010, 1,637 reported at least 1 CLABSI. Among facilities reporting 1 or more CLABSIs with a bacterial pathogen of interest (regardless of resistance), the proportion reporting a resistant phenotype was very high for MRSA (76%) and vancomycin-resistant E. faecium (89%); it was very low for E. coli or Enterobacter spp. resistant to carbapenems, 4% and 7%, respectively. It was modest for the other resistant pathogens. For example, 20% of facilities reporting a CLABSI with Klebsiella spp. reported at least 1 as carbapenem resistant.
Among the 871 facilities reporting 1 or more CAUTIs with a select bacterial pathogen (regardless of resistance), the proportion reporting a resistant phenotype was very high for ). n p 2 g Inpatient hospice, Alzheimer's unit, behavioral health/psychiatry unit, rehabilitation unit, long-term care unit, and ventilator-dependent unit. h Other than adult specialty care areas and inpatient medical-surgical wards. i Burn ward; behavioral-health ward; ear, nose, throat ward; genitourinary ward; medical ward; medical/surgical ward; neurology ward; neurosurgical ward; orthopedic ward; rehabilitation ward; and surgical ward. j Adult, pediatric, and mixed-aged acuity units. k Adult, pediatric, and neonatal step-down units.
vancomycin-resistant E. faecium (86%) and fluoroquinoloneresistant E. coli (67%); it was lower for E. coli resistant to carbapenems (8%). Similar to data for CLABSIs, 20% of facilities reporting a CAUTI with Klebsiella spp. reported at least 1 as carbapenem resistant. Among the 570 facilities reporting at least 1 VAP with a bacterial pathogen, the proportion reporting a resistant phenotype was very high for MRSA (77%) and carbapenem-resistant A. baumannii (56%); 16% of facilities reporting a VAP with Klebsiella spp. reported at least 1 as carbapenem resistant. The proportions of facilities reporting CAUTI or VAP pathogens resistant to select antimicrobials are summarized on the CDC website (http:// www.cdc.gov/nhsn/dataStat.html).
Among the 1,029 facilities reporting 1 or more SSIs, the pattern was very different. Most (77%) facilities reporting an SSI with S. aureus reported at least 1 as MRSA, similar to results for other HAI types. However, the proportion of facilities reporting SSIs with resistant phenotypes was overall quite low among those pathogens most commonly associated with SSIs.
discussion These data present a high-level overview of the antimicrobial resistance problem challenging clinicians and affecting patients who develop HAIs in US hospitals. From these data, we can make several observations that will help advance our understanding of the pathogenesis, preventability, and treatment options of these infections. First, pooled mean percent resistance for certain high-profile resistance phenotypes has decreased. Most notably, we observed a slightly lower percent resistance among device-associated HAIs for MRSA, with relative decreases of 1.7% among CLABSIs, 10.2% among CAUTIs, 6.7% among VAP, and 9% among SSIs (the latter 2 being statistically significant decreases). The changes in MRSA are consistent with recent findings from different surveillance programs focused on MRSA. 5, 6 Although this decrease in percent resistance is noteworthy, the reasons for it are not known with certainty and are likely multifactorial.
Second, among gram-negative bacteria, there were no consistent trends but some reason for concern.
7-10 Although they are a less common cause of HAIs, both multidrug resistance and carbapenem resistance were reported in more than 60% of Acinetobacter spp. among most HAI types, and 70%-80% of facilities reporting an HAI with Acinetobacter spp. reported at least one multidrug-resistant strain. Carbapenem resistance among Klebsiella spp. was stable between time periods (about 13%), but almost 1 in 5 hospitals reporting CLABSIs or CAUTIs with Klebsiella spp. have reported a carbapenemresistant phenotype as the cause of the infection. This suggests that the problem of highly resistant gram-negative bacteria causing HAIs is not limited to just a small subset of hospitals, and it reinforces the need for prevention efforts designed to prevent the further emergence and spread of these pathogens. 8 The fact that carbapenem-resistant Enterobacteriaceae (CRE) are not routinely identified from HAIs from a large proportion of hospitals reporting to NHSN highlights that in many places the identification of CRE from a clinical culture should prompt an aggressive response to prevent further transmission. CDC's updated CRE prevention recommendations are highlighted at http://www.cdc.gov/HAI/organisms/cre/index .html.
Third, there have been some changes in the distribution of pathogens reported in these device-and procedure-associated HAIs: coagulase-negative staphylococci are a less prominent cause of HAIs in the more recent years, and Candida spp. are slightly more common. This latter observation is subtle, because the current data exclude asymptomatic CAUTI, which is no longer reported to NHSN as of 2009, when the NHSN changed the case definition of CAUTI to exclude asymptomatic bacteriuria (http://www.cdc.gov/nhsn /library.html). Among CLABSIs, these changes suggest that recent prevention efforts may preferentially prevent certain pathogenesis of infection over others. Another possibility for the observed change is less frequent reporting of CLABSIs associated with certain pathogens because of suboptimal implementation of case-finding and reporting methodology.
11
Participation in NHSN during the time period covered in this report was a combination of voluntary and mandatory reporting; participation in NHSN related to the CMS Hospital Inpatient Quality Reporting Program was not in effect until 2011 for CLABSIs among critical care patients and 2012 for CAUTIs or SSIs among patients undergoing abdominal hysterectomies or colon surgery. As reporting becomes more comprehensive across the United States, tracking the degree of spread of these and other emerging resistant pathogens will improve and will allow more accurate assessments of how widespread any one resistant phenotype is and how successful facilities and states have been in curtailing or reversing the spread of specific phenotypes across hospitals in the United States. Direct comparisons of these resistance data with those reported in other studies and even with prior NHSN data have limitations. The patient population may not be representative of the US patient population as a whole; although the data in this report are not from a comprehensive set of hospitals, they represent the largest group of hospitals reporting antimicrobial susceptibility data related to clinically relevant infections. Of note, the majority of hospitals (56.1%) contributing data to this report had fewer than 200 beds; the changing demographics of hospital participation in NHSN toward inclusion of more small hospitals may explain some of the new observations noted in this report. Most US hospitals will expand reporting of HAIs to comply with federal pay-for-reporting programs in 2011-2013. Analysis of data reported from 2011 and beyond will be more representative of all US hospitals and will lead to more informed guidance regarding treatment or prophylaxis strategies. An additional limitation of this report is the use of antimicrobial susceptibility testing data from laboratories servicing the hospitals and not from a single referral laboratory. Related to this fact is that facilities may perform selective testing (cascade testing) of broad-spectrum agents or have systems that have suppression rules in place preventing testing results from being readily available to NHSN users entering data, resulting in some selection bias; inasmuch as more than 80% of isolates had testing results for most phenotypes, any inflation of proportions is likely to be small. In addition, as NHSN captures only the interpretation (S, I, or R) and not the measured note. The 2007-2008 numbers may differ from those in the previous report, 1 which was limited to a slightly shorter time period. CAUTI, catheter-associated urinary tract infection; CI, confidence interval. a Aminoglycosides are amikacin, gentamicin, and tobramycin. Carbapenems are imipenem and meropenem. ES (extended-spectrum) cephalosporins 2 are cefepime and ceftazidime; ES cephalosporins 4 are cefepime, cefotaxime, ceftazidime, and ceftriaxone. Fluoroquinolones 2 are ciprofloxacin and levofloxacin; fluoroquinolones 3 are ciprofloxacin, levofloxacin, and moxifloxacin. Multidrug resistant 1, pathogen must test as "I" (intermediate) or "R" (resistant) to at least 1 drug in 3 of the 5 following classes: ES cephalosporins 4, fluoroquinolones 3, aminoglycosides, carbapenems, and piperacillin or piperacillin/tazobactam; multidrug resistant 2, pathogen must test as I or R to at least 1 drug in 3 of the 5 following classes: ES cephalosporins 2, fluoroquinolones 2, aminoglycosides, carbapenems, and piperacillin or piperacillin/tazobactam; multidrug resistant 3, pathogen must test as I or R to at least 1 drug in 3 of the 6 following classes: ES cephalosporins 2, fluoroquinolones 2, aminoglycosides, carbapenems, piperacillin or piperacillin/tazobactam, and ampicillin/sulbactam. Oxacillins are oxacillin and methicillin. minimum inhibitory concentration, the interpretations of susceptibility by individual hospital might vary slightly. However, despite these limitations, these data represent a current assessment of the prevalence of antimicrobial-resistant phenotypes associated with HAIs in patients across approximately 2,000 hospitals in the United States. Several of the resistant phenotypes assessed are not limited to a small subset of hospitals, which should alert the infection control community to the need for vigilance in identification and implementation of appropriate infection control as they address these challenges in coming years.
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